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This paper presents a database and alignment free approach based on k-mers to build a predictor based
on metafeatures derived from matrix factorization to predict whether reads contribute to resistance
against certain types of antibiotics. The paper presents novel computational methodologies that are
refreshing in a sea of stale OTU and alighment based methods in the field of computational
metagenomics. Specifically, the Tri-factorization scheme that the authors introduce generates
metafeatures that allow for state of the art predictive performance. This paper will also provide
tremendous value to readers because of how incredibly thorough the literature review portion is. | have
2 minor formatting suggestions and 1 minor additional analysis that | think would be useful for this
excellent paper.

Minor Formatting Suggestions:

1) The beginning of the "Results" section of the abstract could benefit from the addition of one sentence
that introduces what is being done for the benefit of readers who are not super familiar with the AMR
subfield of computational metagenomics. "We present AMR-meta, a database-free and alighment-free
approach, based on k-mers, which combines algebraic matrix factorization into metafeatures with
regularized regression. Metafeatures capture multi-level gene diversity across main antibiotic classes."
could be supplemented with a sentence that explains explicitly what the input and output of the
algorithm is: "AMR-meta takes in reads from metagenomic shotgun sequencing and outputs predictions
about whether those reads contribute to resistance against specific classes of antibiotics". By making the
paper accessible at the entry, many people will cite the superb literature review section!

2) The literature review is comprehensive and superb. | would suggest adding two to three sentences
comparing the development of competing ideologies (alignment vs de novo assembly) in the wider
computational microbiome field to contextualize that these different philosophies apply in the context
of AMR but also to all of ubiome research. Citing a seminal MetaHIT consortium paper and a seminal
early Human Microbiome Project consortium paper to make this point would suffice. The literature
review as it stands is incredibly impressive.

Minor Computational Analysis:

1) The only additional analysis that | think the paper requires is to show that the design elements that
are contributing to the models superb performance are: a) including both resistance and susceptible
classes in training and b) the generation of metafeatures. To do this, | suggest:

i) Run the model with only the AMR negative genes as a baseline.

ii) conclusively show that metafeatures from having two classes (resistance and susceptible) are
contributing to the model performance by doing a series of permutation tests, where each permutation



test is generating many "AMR positive" sets sampled from pools of genes defined at a distinct percent
identity (degree of homology) cut-offs (i.e. 95%, 90%, 70%, 50%) and show that the distribution of
model performance results more closely starts to resemble the model from i) only trained on the AMR
negative genes as the homology cutoffs for defining the AMR positive genes are loosened (by utilizing
CD-HIT | can't imaging this analysis taking more than a day or so).

This is overall a great paper and | look forward to seeing it published!
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